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SUMMARY

Trils report describes the work undertaken to represent and
idencify matrerstical models of blologlcal waste treatment as
applied to a laborgtory sized zeration basin, Pulse inputs of
radivactive sodium-24 have been used to obtain residence time
distribution curves (impulse response curves) for the basin.
Varicus configuraticns of aerators indicated that even a%t high
air flow raftes complete mixing may not take place. Individual
tanks and fanks in series were studied to evaluate some of the
1imiting factors that exist with respect to the use of populas-
fion balance models in representing seration basine,
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FOREWORD

This Investigation was authorized under contract DADA-17-69-C-3073
dated FPebruary 1, 1949, ond is associsted with the werk of the
Center for Research in Water Resources of The University of Texas.
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OBl ECT IVES ANT SCOPE OF INVESTIGATION

Improvement in tre predlcetlion of waste purlficallon ratfes
requires better mathematlcal medels of such processes ss well
45 belter dzLs.  The parpose of thls investligseblon has been to
stuldy the modeiing and idertification of z2erobic waste trestment
methods, and to aprly populstion balance techmigues ol process
mcdeling tc laborotory ccale ecquipment in order Lo ascerlalsn
tneir representativeness,

EXPERIMENTAL RESULTS

1, Single Tank

The first four experiments were carriad out in a small
aeration tank to simulale ar activated sludge process. The
first three runs were made withouf the bilomass present, while
the fourth experiment was carrled out with the blomass present
to determine thne effect the bilomass had on the degree of mixing,
Figure 1. a typicel rezult,. shows the corrected gamma ray counts
per minute in the tank effluent stream as a fuaction of time. (The
gamma ray counts are directly proportionsl to the respective tra-
cer concentrations, hence trese figures represent concentration-
time plots.) Table 1 summarizes the resldence times and equi-
valent number of tanks for these four experiments, and provides
evidence that the performance of the aeration tank could, as
expected, be reasonably well deftermined using the tanks in
series model based on the assumption that the contents of the
tank are at all times completely mixed. The value for the equi-
valent number of tanks was caiculated {rom the varilance,

In the first four experiments the eqiivalent number of
well mixed tanks calculated from the variance showed that the
small aeration tank was well mixed (except for the .econd run).
In Rurn 2 the high value for the equivalent nurber of tanks can
be attributed to the fact thzt the experiment was terminated
after only f{ive volumetric residence times., The first experi-
ment was trancated aft approximately four times the mean resi-
dence time of 2,035 hours, resulting In an appirent mean resi-
dence time of 1.90 hours, an error of about f{ire percent. When
simmulation was used to exterd the experiment € nine residence
times by essuning 3 linear <(rop in concentratlion, the average
residence time was fTound tc be £.0356 hours. The equivalent num-
ber of well mixed tanks corresponding to the cut off of four
residerce times was L.31, vrereas for nine res.dence times the
value was 1.032, an errcr 2f 21%., Thus, the estimation of the
equivalent number of well mixed ftanks from the variance is more
sernsitive Lo the lerngth of the data record than is the deter-
ninakicr of she mean resilence tiwme, an observation made by
others, Thus, in corder 0 use the varlance as an accurate
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EXPERIMENTAL RESULTS

RUN | TANK | EQUIVALENT N@.] MEAN RESIDENCE | ACTUAL EXP'L
NO, | NO. OF TANKS TIME (hr) RESIDENCE| ERROR
! TIME (hr)
H 1 1,032 2,036 2,035 0.050
2 1 1,320 0.617 0.600 0,014
3 1 1.009 0,646 0.641 0.011
L T 0.953 e.ﬁzs 2. 145 0.040
5 1 1.425 15.47 "
- I 5707 THRE 12,500 0.300Q
T 1.283 5,47 4,152 0.100
7 1+2 1.770 8.20 8.136 0.197
1+2+3 | 1.970 12,57 12,147 0.295
1 0.976 7. .40 4,054 0.098
8 1+2 1,205 8.39 8.051 0.196
1+2+3 2,124 12,71 11,865 0.290
1 1,116 8.72
9 1+2 1.241 10.03
1+2+3 1,711 12,67
1 0.762 4,65
10 1+2 1.659 g.42
C1424+3 2.595 12,14
T 0.963 4,51
11 1+2 1.957 8.57
1+2+3 3,033 12,65
T 0.843 E.26
12 1+2 1.685 9.31
14243 2.532 12,14




measure of the equivaler? number of tanks in s well mixed s
tem. the experiment must be carried ouf for several fLimes fthe
volumetric residence time.

ts dimensicnless concentration versus
versus 0) for the first four experi-
t the runs approximate the curve for
one well mixed &tank at all levels of sir and liquid rates
studied. Since experiment & {containing the bilcmass) also
falls on the curve, 1t was conciuded that fthe presence of a
biological culture 4i1d non affect the degree of mixing.

Figure 2 plc
dimensionless time (C
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2. Experiments 3imulzting an Elongated Aeration Tauk

A large aerafion tank was utlllzed to carry cut two
experiments simulating cne elongated aeration tank with a
length to width to depth ratio of 6:2:1, Figure 3 shows the
output curves for a2 typical run. Table 1 summarizes the re-
sults of the calculations for the large aeration tank for runs 5
and 6, The two runs were replicates carried out at the same
volumetric residence ftime wlthout any aeratlion to determine
the degree of mixing that existed in the system when nec air
was used, It was noted fthat there was a significant devlation
in the equivalent number cf tanks and in the mean residence
times between the twe runs. It was also noted that the peak
for run 5 occurred at the second hour while the peak for the
next experiment dild not occur until the eighth hour. One
possible reason fer the differences in the number of tanks and
the mean residence {imes for fthese two runs is that the tracer
for experiment 5 was injected with a syringe Jjust below the
water level at the 1iquid inlet., while the tracer for run 6
was poured near the liquild inlet from a beaker. Since the
latter method of pcuring from a beaker would not disrupt the
mixing patterns in the system as much as a pulse injection
from a syringe, the pouring method was used for the remaining
runs.,

Figure 3 indicates that the experimental data did
not fit the theoretical curve for the well mixed tanks in
series model. Since the data does not approximate the curve,
it was concluded that the elcongated tank did not approach a
well mixed system when there was no agitation In the aeration
tank.

3. Experiments Simulating Tanks in Series

S1lx experiments were carrled out in the large aeratiocn
tank with configuratlons arranged so as to simulate one, two
and three tanks in serles. Table 1l summarizes the results cb-
tailned, Experiment 11 was carried out in the presence of a
biological culture to reaffirm the conclusion reached using
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the small aeration tank that the blomass does not affect the
degree of mixing 1in the basin.

Flgures 4 and 5 1llustrate typlcal experimentsl data,
that for Run 8. Figure 4 shows that the theoretlcal curve forv
0.970 tanks it the esxperimental data guite well, Figure b5
reveals that the theoretical curves for 1.205 and 2.124 tanks
In series fit the exnerimental data for the second and third
tank cxecepl at Lhe peak ol the concentration curves. It was
concluded that when the system was well mixed, the czalculation
of the equlvalent number of well mixed ftanks could be computed
reasonably well from the variance.

Pigure © shows z dinenslonless plot of concentratlon
as & function of time Cor the second tank 1n the series for
experiments 9, 10, and 1l2. The figure reveals that the second
tank for Run 9 more closely approached one well mixed tank,
while the dats after the second tank for runs 10 and 12 approxl-
mate two well mixed tanks in series,

I, Calculations from the Peak of the C(8) Curve

Murphy and Timpany and others have suggested an alter-
native method for aeration tank design and analysis, namely
using the peak of the C(8) curve to estlimate the dispersion
coefficient and the number of tanks in seriles, The values
obtained utilizing the peak of the C(8) curve did not agree
at all with the correct mean residence times or the dilspersion
coefficilents computed from the tanks 1n series model. It was
concluded that the use of the peak of the C(8) curve to calcu-
late the disversion coefficient, mean residence time, and equi-
valent number of well mixed tanks was not satisfactory.

5., Conclusions

During the course of this investigatlon the following
conclusions were reached:

1, Since the presence of a blological culture does
not affect the degree of mixing in the system,
experiments may be underftaken 1in existing aero-
bic waste treatment installations,

2. Na2% may be used in an aeroblc waste treatment
system as a tracer to estimate the empirilcal
parameters in the model employed because Na2h
doeg not Influence the physical parameters of
the fluld, does not undergo a chemical reaction,
and 1s detectable in low concentrations.

3. I the system 1s well mixed, the experimental
runs are reproducilble.




4, Calculation of the mean resldence time, dispersion
ccefficlent., and equlvalent number of tanks can-
not bhe made from the peak of the C(8) curve,

5. If the experiment 1s carried oul to at least six
tlmes the volumetric residence ftlme, the variance
may be used as an accurate zpproximation cf the
equlvalent number of well mixed tanks.

6. Plans for Future work

Now that {the mixing characterlstics of the laboratory
aeratlon basln have been determined, the next step is to deter-
mind the kinetlcs of well mixed processes with the hlomass
present. Depending upon the characteristlcs of the kinetic
models, 1t should e pessible to develop analytical and/or
numerical methods to make predictlions for degree of converslon
of waste influent.
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FIGURE 1

SMALL AERATION BASIN
BIOMASS PRESENT

WATER RATE ;1 6! ct¢/min.
AR RATE ! 4600 ¢¢/min.

AVER. RESIDENCE TIME : 2.22 hr,

BACKGROUND : 140 counts /min.
VARIANCE :1.049

EQUIV. NO. OF TANKS: 0,953
SOLIDS {V8S) t 2000 myg/titer

3 4 8 6 7 8 9 K Il 2 13
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FIGURE ~
ONE AERATION TANK

¢ RUN |,
« RUN 2
» RUN 3

« RUN 4
= ONE WELL MIXED TANK,
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FIGURE 14
FIRST TANK OF THREE
TANKS IN SERIES

INLET—e!"/ 4" |° |e—=OQUTLET

WATER RATE:® 59 co/min.

AIR RATE :6430cc/miN.
BACKGROUND' 140 COUNTS/MIN.
VARIANCE' LO24

EQUIV. N°OF TANKS' 0.976

= 0.976 TANKS IN SERIES
== EXPERIMENTAL
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FIGURE %

CAST TWO TANKS OF THREE TANKS IN SERIES

- [’\ INLET el ” &W -~ QUTLET

WATER RATE: 59 cc/miN.
AIR RATE ' 6430 cc/MiIN.
AVER. RESIDENCE TIME:
AFTER TANK N°2: 8.39 HRS.
AFTER TANK N°3: 271 HRS.
BACKG ROUND 140 COUNTS/MIN.
s EQUIVALENT N° OF TANKS:
l TANK N® |+ .976
| TANK N°2 .229
| TANK N°3¢ .919
‘ TOTAL: 2.124
EXPERIMENTAL
L T —

TANK 3t —a———

THEORETICAL

1.205 TANKS = = = -
2.124 TANKS —— ——
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FIGURE &
SECOND TANK OF
THREE TANKS IN SERIES

A~~~ ONE WELL MIXED TANK

TWO WELL MIXED
TANKS IN SERIES
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